Introduction
One of the earliest recognizable events in blastocyst implantation in rodents and lagomorphs is a localized increase in endometrial vascular permeability which is readily demonstrated by intra¬ venous injection of Evans blue dye. The dye becomes bound to a blood protein and subsequently seeps from post-capillary venules in the immediate vicinity of implanting blastocysts, resulting in a series of uniformly spaced blue bands that are visible upon gross inspection of the uterus. The localized uterine blueing is believed to occur in response to an implanting blastocyst (Psychoyos, 1960; Orsini, 1963; McLaren, 1969; Ljungkvist & Nilsson, 1974; Hoffman et al, 1978) but also occurs in response to an artificial deciduogenic stimulus (Psychoyos, 1973;  Kennedy, 1979) . Pro¬ staglandins and histamine are known to be involved in induction of uterine vascular permeability but other vasoactive substances have also been implicated (Brandon & Wallis, 1977;  Kennedy, 1980) .
The localized increase in endometrial vascular permeability has been suggested to be a prerequi¬ site for decidualization (Psychoyos, 1973; Peleg& Lindner, 1982) . Administration of indomethacin results in inhibition of uterine vascular permeability and reduction in weight of implantation sites in rats (Kennedy, 1977; Phillips & Poyser, 1981) and hamsters (Evans & Kennedy, 1978) , the weight reduction presumably being due to inhibition of decidualization (Castracane et al, 1974) . Sheep and pigs lack decidual tissue; however, they also exhibit increased endometrial capillary permeability at approximately the same time the embryos attach to the uterine epithelium (Boshier, 1970; Keys et al, 1986) . This investigation was initiated to determine whether increased endo¬ metrial vascular permeability occurred in a carnivore such as the ferret, which is also an adeciduate species and, if so, to relate the time course of this event to implantation. A second objective of this study was to test the hypothesis that inhibition of prostaglandin synthesis would prevent or signifi¬ cantly reduce vascular permeability at implantation sites and delay blastocyst implantation in the ferret.
Materials and Methods
Sixteen sexually mature ferrets (Mustela putorius) ranging in weight from 510 to 850 g were mated twice to different males within a 6-h period. For the purpose of timing pregnancy, coitus was assumed to have occurred 0-5 h after placement with the first male and the day of mating was designated as Day 0. Four females were anaesthetized with pentobarbitone sodium (30 mg/kg) at each of the following times post coitum (p.c.): 279, 290, 312 and 321 h. The jugular vein of each female was surgically exposed and injected with 10 ml of a 1% solution of Evans blue dye in 0-9% (w/v) NaCl/700 g body weight. After 15 min the posterior half of each female was perfused via the heart with 250 ml 0-9% (w/v) NaCl and all uterine swellings (presumptive implantation sites) were excised and processed. Vascular permeability ratios were computed precisely as described by Judah & Willoughby (1962) and Hoos & Hoffman (1980 
Results
Small uterine swellings averaging 40 mm in diameter were observed in uteri of 2 of 4 females at 279 h p.c. but no localized uterine blue colour was present at these sites at this time. Implantation had not yet occurred as expanding zona-encased blastocysts, ranging from 1-5 to 2-5 mm in diameter and averaging 2-2 mm, were flushed from the uterine horns of all 4 females. The zona pellucida was fragile as evidenced by the finding of 3 empty zonae pellucidae and 3 nude blastocysts in uterine flushings of one animal that exhibited small uterine swellings.
Implantation sites, which averaged 4-7 mm in width, were present in all 4 ferrets examined at 290 h p.c. The majority (60%) of individual or pairs of uterine swellings in each female had a vascular permeability ratio > 1-0 (Table 1) . However, a well defined accumulation of blue dye over the uterine swellings was only visible in 1 of 4 ferrets examined at this time.
By 312 h p.c., 70% of all implantation sites, which averaged 5-6 mm in width, exhibited a permeability ratio > 1 -0. The average permeability ratio for all sites (1-24) was nearly 100% greater (33) 9-7 ± 2-3a
9-6 ± 1-8"
10-3 ±3-1" 9-6+ 1-5* 7-6 ± 21a
6-6 ± l-5b (Table 2 ). All presumptive implantation sites except one site from each of 2 animals that received 8 mg indomethacin/kg had vascular permeability ratios in excess of 1. Moreover, all implantation sites were evenly spaced, suggesting that the presumed suppression of prostaglandin synthesis was not detrimental to this process. Blastocyst attachment to the uterine epithelium was verified by examination of histological sections of a single implantation site in 3 of 5 females in each indomethacin treated group, but could not be confirmed in the remaining 4 females. The largest dose of indomethacin caused a slight but non-significant (P = 0-75) reduction in size of uterine swellings but had no effect on the number of implantation sites (Table 2 ).
All 15 females killed in the afternoon of Day 13 (321-324 h p.c.) possessed evenly spaced implantation sites with blue bands over them. Neither dose of indomethacin significantly reduced the vascular permeability ratio (P = 0-367); however, both doses reduced the width of the uterine swellings (P < 005, Table 2 ). Trophoblastic attachment or invasion of the uterine epithelium was confirmed in a single implantation site in all animals that received sesame oil only and in each of 4 of 5 females receiving the 4 mg dose of indomethacin. Remains of an empty zona pellucida were observed within the uterine swelling of the fifth ferret. On the other hand, only 3 of 5 females receiving the 8 mg dose exhibited trophoblastic penetration of the uterine epithelium. Zona-free, unattached, bilaminar blastocysts, all of which were collapsed, were observed in uteri of the remaining 2 females. The 8 mg dose of indomethacin resulted in significantly fewer uterine swellings (P < 005, Table 2 ) than in the other treatment groups.
Discussion
An increase in capillary permeability appears to be a common event in the process of implantation as it has now been documented in the rat (Psychoyos, 1960) , hamster (Orsini, 1963) , mouse (Orsini & McLaren, 1967) , rabbit (Hoffman et al, 1978) , ewe (Boshier, 1970) , sow (Keys et al, 1986) and ferret. In the ferret, loss of the zona pellucida, adhesion and attachment of the trophoblast to the uterine epithelium occur between Days 12 and 13 (Enders & Schlafke, 1972) or about 288-312 h p.c. In the present study, small uterine swellings were visible at 279 h p.c. (10-11 h before any detectable increase in endometrial vascular permeability) and consistently had a permeability ratio of less than 1. This unexpected finding may have resulted from venous congestion in sections of uterus between implantation sites and a somewhat restricted blood flow at uterine swellings due to rapid expansion of the blastocyst. Therefore vasodilatory substances might be released to increase blood flow to the implantation sites.
Localized accumulation of blue dye over uterine swellings was first observed on the morning of Day 12 (290 hp.c.) in 1 of 4 females, whereas all ferrets exhibited a uterine blueing response by the morning of Day 13 (312 h p.c.). Consequently, the timing of the increase in capillary permeability in the ferret uterus appears to be temporally correlated with blastocyst attachment and early penetration of the uterine epithelium. Wu & Chang (1972) , however, reported observing uterine blueing at 10 days and 23 h, at which time the blastocysts were still surrounded by the zona, and is thus contrary to our findings of no uterine blueing at 279 h p.c. (evening of Day 11).
Absence of a localized accumulation of blue dye in uteri of pseudopregnant ferrets and the fact that uterine blueing was only observed directly over implantation sites suggests that the increase in vascular permeability occurred in response to the blastocyst or to substances released from it. The latter seems possible, as localized uterine swellings produced by expanding ferret blastocysts were observed 10 h before any detectable increase in vascular permeability. This suggests that the initial pressure on the endometrium, exerted by expanding blastocysts, is not responsible for stimulating release of vasoactive substances from the uterus. Moreover, some ferrets that received indomethacin exhibited an extravasation of blue dye in areas immediately over blastocysts which had failed to expand sufficiently to induce noticeable uterine swellings. Evans & Kennedy (1980) have suggested that the localized elevation of concentrations of prostaglandin E observed at implantation sites in hamsters were induced by a blastocyst signal that was independent of blastocyst steroidogenesis. However, it remains to be demonstrated that ferret blastocysts are capable of secreting vasoactive substances as has been reported for the rabbit (Dey et al, 1979 Harper et al, 1983; Racowsky & Biggers, 1983) , mouse (Dey & Johnson, 1980) and sheep (Lacroix & Kann, 1982) .
Our failure to reduce endometrial vascular permeability in ferrets treated with indomethacin cannot readily be explained by breakdown of this drug before injection as preweighed aliquants were solubilized about 15-20 min before injection. It is also unlikely that our negative results are due to an inadequate injection schedule as indomethacin administration began 28 h before the earliest time we detected increased vascular permeability and continued until 0-5-6 h prior to termination of the experiment. Moreover, injections were administered at approximately 4-5-h intervals which is equivalent to the reported biological half-life of indomethacin (Kwan et al, 1978) . It is also questionable whether our negative results are due to insufficient dosage as significant decreases in size and number of implantation sites, and a slight delay or inhibition of implantation, were noted in 2 of 5 females when 8 mg indomethacin/kg body weight were administered. This same dose of indomethacin also produced a reduction in size of uterine swellings and delayed implantation, but also inhibited uterine blueing in rabbits (Hoffman et al, 1978) , whereas 10 mg/kg were lethal (Snabes & Harper, 1984) . Experiments by Snabes & Harper (1984) suggest that indomethacin acts predominantly on the uterus rather than the blastocyst to inhibit implantation in the rabbit. Our results indicate that indomethacin was exerting many of the same biological effects in ferrets, suggesting that the observed effects resulted from reduced prostaglandin levels. If the above interpretation is correct it would indicate that prostaglandins play an important role in blastocyst implantation in ferrets and perhaps in other adeciduate species such as pigs (Kraeling et al, 1985) . On the other hand, Lacroix & Kann (1982) 
